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ii. 
P R E F A C E  
Since concrete is so widely used as a struct-
ual material, many people have attempted to use it 
in one way or another. In many instances proper 
knowledge of the substance and skill in its manifac-
ture are not available, so that the resultant con­
crete is little more than a bulky, heavy material, 
lacking the strength and other properties which it 
should obtain and fail to fulfill the purpose for 
which it was intended. 
To the individuals who obtain such results, 
concrete is merely a shoveled together mass of cement 
sand, stone, and water, which in a short time attains 
a varing degree of hardness and uncertain strength. 
It is, therefore the purpose of this thesis to set 
forth information that will enable one to know how 
to deal with the various factors affecting cement, 
from mixing to curing. 
Acknowledgement is made to Mr. J. J. Abernethy 
Head of Division of Mechanic Arts at Prairie View Col 
-lege, for helpful suggestions, and to the Portland 
Cement association for bulletins and information con­
cerning tests. D.L.S. 
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I N T R O D U C T I O N  
Structural Uses of Concrete: Concrete is an arti­
ficial stone made from a mixture of Portland Cement 
which is a firee grey powder that is used to hond 
pieces of hard materials together to form a hard en­
during substance. Sand and crushed rock or pebbles 
are usually the materials employed with cement and 
mixing water to make concrete. 
Concrete is the most versatile of construct­
ion materials. Its permanoe and utility have become 
known to every one. Easily molded, it has found uses 
that range from a small garden vase to the huge 
locks of the Panama Canal. 
Builders of ancient times were unable to pen-
form the feats of construction made possible by 
Portland Cement and Modern methods, however they dad 
utilize some sort of cementing material in much of 
their masonry which was evidently volcanic dust or 
puzzuolana mixed with slacked lime. The concrete 
dome of the Pantheou 142 ft. in diameter is one of 
the best known examples of their craftmanship. Some 
of the columns and arches of the early Roman Temples 
«• 2 • 
still stand. So we can see that even the crude mix­
ture of -cementing materials and aggregate used in 
those days produced an artificial stone that has 
well withstood the savages of time. 
Since cement is the basic ingredient of 
concrete many of our modern improvements would still 
be unknown but for the invention of Portland cement 
in 1824. On the hundred and six years since its dis­
covery, the uses of concrete have spread into every 
field, of activity. As a result we can live in at­
tractive, fire safe houses and apartments, and work 
in sanitary, permanent offices and factories. Walk 
upon concrete side-walk3, ride upon lasting concrete 
roads and streets. Engineers create great dams and 
bridges of concrete. The sculptor molds beautiful 
monuments of this enduring material. The farmer uti­
lizes it to add to his convenience and profits. 
The Manufacture of Portland Cement:"Portland 
cement is the product obtained by finely pulvensing 
clinker produced by calcining to incipient and inti­
mate and proper proportioned mixtures of Argillace­
ous and calcareous materials, without the addition 
of anything subsequent to calcination excepting water 
and calcined or uncalcined gypsum". 
- 3 -
To secure an intimate mixing the raw material 
-s must "be very finely ground before burning under 
intense heat they then form clinker. It is this clin 
-ker that must now be finely pulverized to form ce­
ment. Gypsum must be added before the final grinding 
to control the rate of hardening when cement is usel • 
The "Argillaceous" and "Calcareous" material 
referred to in the definition are commonly secured 
from one of the following combinations. The princi­
pal constituent being named first: 
Cement rock and Limestone, limestone and clay 
or shale, limestone and blast furnace slog, mare and 
clay. Of these materials clay is typically argella-
cious while limestone is calcareous. 
CHAPTER I* 
Making Concrete: Concrete ie a material com­
posed of Portland cement, water and mineral aggre­
gate, which develops strength with age. The determin­
ation of the proper amounts of given materials to 
use to produce, at a ceitein age. Concrete of a given 
strength under given conditions of mixing, placing 
and curing is known as proportioning a number of in­
vestigations have been carried out at various times 
to determine a basis for proportioning but in each 
case certain items were not varied and today we can­
not be certain as to which method is best* 
Therefore we shall concern ourselves with the 
most commonly used method. 
A* Empirical Proportioning: Where this method 
of proportioning is used the qualities and quanities 
of cement and aggregate are specified for each* The 
exact amount of water, however is not given, it being 
intended that the desired consistency shall be ob­
tained by varing the amount of mixing water. For ar­
bitrary proportioning the amount of mixing water 
should be kept at a minimum in order to secure the 
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greatest amount of strength. Proportions recommended 
for Various classes of work are; 
Reinforced Concrete 1:2:4 or l:2§-:4 
Mass Concrete ...1:3:5 or 1:3 :6 
Pavement Concrete 1:2:3 or 1:2 :3-£ 
Pavement bases 1:2£:4 or 13 :6 
Side Walks 1:2:3 or 1:2: 4 
B. Mineral Aggregate: Mineral aggregate as 
used in Portland Cement concrete are usually parti­
cles of rock, either naturally or artificially pro­
duced blast furnace slog or cinders aggregates are 
divided into two classes. The combination of parti­
cles smaller than one-fourth inch is known as fine 
aggregate and combinations of those larger than one-
fourth inch. As coarse aggregate fine aggregate is 
usually sand which is naturally disintegrated particl 
-es of rock. 
Coarse aggregate maybe either pebbles or crudi 
ed rock or stone pebbles are naturally formed parti­
cles and are sometimes referred to as gravel. 
C. Mixing the Concrete: Machine mixed concrete 
is usually more uniform in quality than that mixed "by-
hand and is more economical where there is a large a-
mount of concrete to be mixed. Where, however, the a-
mount is small hand mixing is more economical. For 
machine mixing it has been recommended that the mix­
ing of each batch shall continue not less than one 
minute, after all materials are in mixer during which 
time the mixer shall rotate at a peripheral speed of 
about 200 H.P J. 
Hand mixing shall be done on a water tight 
platform. The cement and fine aggregate shall first 
be mixed dry until the whole is of a uniform color 
the water and coarse aggregate is then added and the 
entire mass turned at least three times, or until 
a homogeneous mixture of the required consistuency 
is obtained. 
D. Placing, Finishing & Curing Concrete; 
Placing concrete involves its movement from the mix. 
er to the final place in the finished structure 
methods and time involved may greatly affect the 
strength and quality of the concrete. Conditions on 
various jobs are different and the proper method to 
use must be determined for each one. That is wheth­
er to use pavement mixer a3 on hi^iway or overhead 
cables, concrete buggies or wheel barrows or ob­
tain the concrete from a central mixing plant. 
Whatever method of distrobution is used the 
concrete should be placed before the cement has 
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taken its initial set which is between twenty and 
thirty minutes after mixing. The time of setting is 
determined at T.O°F. temperatures above 70°F hastens 
the setting while temperatures below retard the set­
ting. In hot weather the time limit should be short­
er than that set for cold weather. 
F. Workability and Waterproofness; There ass 
a number of factors effecting workability namely; 
1. Cement, 2. Water, 3. A ggregate, 4 • Mixing, 5.-Ad 
-mixtures. Increasing the amount of cement used in 
concrete will increase its workability in addition 
it will, also improve strength and durability. Ef facte 
of water for a given mixture and materials the wortet-
bility may be varied within narrow limits by chang­
ing the amount of mixing water. A certain amount of 
water is necessary to make the mixture dense and 
strong. There is a small range of amounts of mixing 
water which produces workable concretes beyond this 
range the concrete becomes unworkable as the amounts 
of water is increased. Water should be used as a last 
resort because its uses may seriously impare thee 
strength of the resultant concrete/ A 1:2;4 concrete 
at 70°F may have its strength varied 2,000 pounds 
per square inch by varing amounts of mixing water. 
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Aggregates: The size and shape of the aggre­
gate are the main factors that affect workability. 
Effect of mixing- Increased workability maybe ob­
tained by increasing the time of mixing. )H/hen the 
concrete is hauled from a central mixing plant in­
creasing the time of mix will produce more workable 
concrete with less water* which cuts down on the a-
mount of segregation due to handling and increase 
the strength of the concrete. Effect of Admixtures-
Certain admixtures are available for inclusion in 
concrete for the purpose of improving the workabi­
lity. All the admixtures are fine materials and if 
used in large quanities a decrease in strength is 
likely to result. 
The admixtures most commonly used are: hy-
drated lime and diatomaceous silica lime is used in 
amounts up to five pounds per bag of cement and the 
later usually at the rate of two to three pounds per 
bag. 
Waterproofness of concrete may be accomplish­
ed in the following ways: 
1. Special waterproof cements 
2. Richer mixes and careful gradation of aggregate 
3. Proper curing 
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4. Application of bituminous coating 
Water proof Cements-- These are cements 
which have a water proofing material added to the 
clinker as it is being ground. These cements are 
used in the same manner as standard brands. 
Richer mixes and careful gradation of aggre­
gate--- Passage of water through or into concrete 
is normally through the cement paste and not through 
the aggregate. Improving the quality of cement paste 
and increasing its thoroughness of distribution 
through and bonding to the aggregate will increase 
the imperuehness of the concrete by carefully grading 
the aggregate and then mixing it thoroughly with a 
cement paste of good quality a water tight concrete 
may be made. 
Proper Curing-- If the concrete is permitted 
to dry out soon after pouring, the cement past does 
not become so dense as when it is kept wet. The denser 
the cement paste the greater will be the resistance 
to the flow of water application of bitumous coatirg 
Concrete maybe waterproofed by the application of a 
light water gas tar which penitrates somewhat into 
the wet concrete, or heavier tars or asphalts which 
forms an impervious layer over the surface. 
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CHAPTER II. 
Effect of Miscellaneous Agencies and Condit­
ions on the Strength and Durability of Concrete. 
A. Freezing and Thawing: iShen water reaches 
a temperature of 39°F some subtile changes occurs 
which decreases its chemical ability for combina­
tion. This change becomes marked as freezing point 
is approached, and concrete placed with temperature 
near the freezing point take several times as long 
.to obtain a final set as concretes cured at normal 
temperatures. In case the temperature falls below ths 
freezing point before final set, the expansion of 
water while freezing exerts a force sufficient to 
destroy the cohesion between the particles of the 
green concrete. The injurious effect of freezing is 
lessoned by two factors namely: that concrete is a 
very poor conductor of heat, and that the chemical 
action of setting and hardening generates a certain 
amount of heat to combat the freezing action of the 
atmospheric conditions. Thus, the serious injuries 
are usually confined to the surface of the concrete, 
and rarely penetrates more than an inch at two in 
depth. On massive members this may not impair the 
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strength, but be harmful only to the appearence. 
In smaller members however a large percentage of the 
strength may be lost. 
B. Salts, Hydrated lime, and waterproofing 
compounds. Common salt is often added to the mix­
ture to lower the temperature at which the water 
will freeze. The addition of salt lowers the freez­
ing point about 1°F for each one per cent of salt 
added to the mixing water. More than this amount of 
salt generally proves injurious. The set is always 
retarded by the addition of salt and in reinforced 
concrete the salt is likely to cause corrosion of 
the steel. 
The use of hydrated lime in quanities up 
to 15$ of the weight of the cement has been advo­
cated by various authorities on the theory that it 
improves the workability of concrete or increase 
its strength or water tightness. In lean mixtures 
it is true. In richer mixtures it is less pronounced 
It appears that if hydrated lime is added without 
decreasing the amount of cement or increasing the 
amount of water, such an increase usually occurs, 
but if some of the cement is replaced by hydrated 
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lime is added without decreasing the amount of ce­
ment or increasing the amount of water, such an in­
crease usually occurs, "but if some of the cement is 
replaced by hydrated lime, a reduction in strength 
can be expected* Various water proofing compounds 
in powdered or liquid forms are sometimes used to 
make an impervious concrete# They are eith er added 
to the mixing water, mixed with the cement on the 
job, or added to the cement during its manufacture# 
Their function is to fill the voids or pores of the 
concrete with a more or less soapy insoluble fills* 
and thus prevent pecorlation of water through the 
concrete* Practically all the compounds in use dis­
tract from the compressive strength of the concrete 
Fully as impervious concrete can be obtain ei by us­
ing a slightly richer mix, well graded fine aggre­
gate, as stiff a oonsticuency a3 possible and thor­
oughly puddling the concrete as it is placed, 
C. Alkali: The action of alkali on concrete 
is a problem that is pecular to certain localities. 
Such as the prairie regions of the west. These re­
gions because they have a low rainfall and poor 
drainage, present extraordinary conditions in re­
spect to the amounts of soluble salts present in 
the soil. These salts are mainly sodium, magnesium, 
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and calcium sulphates. Chemical action between 
these sulphates and cements causes decomposition 
of the concrete, the physical action resembling 
exactly that of frost. The action is very 3low. 
D. Oils, Acids and Sewage Concrete thorou^i 
-ly hardened is unaffected by mineral oils such 
as ordinary petroleum or engine oils. Various ani­
mals and vegetables oils may slightly weaken or 
disintegrate a concrete, but such cases are rare. 
Acids which seriously itfure other materials will 
also injure concrete. The condition where this is 
most likely to occur is in the discharge of acidB 
in sewage. Strong sulphuric acid in contact with 
concrete convert® the carbonate of lime into sul­
phate of lime, which soft and easily carroded. 
E. Manure, The uric acid in manure will 
discolor green concrete and also partically disin­
tegrate it. Thoroughly hardened concrete maybe dis­
colored by manure, but its strength is not impared. 
F. Electrolysis There are certain condit­
ions where reinforced. Concrete may be seriously 
damaged by the flow of an electric current between 
concrete and steel. It electrically positive rein-
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foreement is in contact with ooncrete, it will he-
come corroded, providing the concrete is sufficient 
-ly high. The corrosion of the reinforcement with 
its consequent expansion causes cracking in the 
concrete electrically negative reinforcement in 
contact with concrete produces a softening effect 
for one-fourth inch or more around the entire re­
inforcement. This softening effect eventually com­
pletely destroys the bond between the bond between 
the steel and the concrete. It manifests, itself 
at all voltages, the rate being approximately pro­
portional to the voltage. 
G. Sea Water- The detremental effect of 
sea water on concrete is usually not so large only 
on lean mixtures but in reinforced concrete constmct 
-ion the corrosion of the steel is likely to be 
serious and may eventually result in complete de­
struction of the work. To prevent this a richer and 
denser mix should be used. Reinforcing materials 
should be protected by at least three inches of oon­
crete. 
CHAPTSR III. 
Reinforcement of Concrete: Reinforced con­
crete is concrete in which steel bars have been 
placed to take the tensile stresses* Since con­
crete is comparatively weak in tension as com­
pared to its compressive strength reinforced con­
crete is used in the building of bridges, build­
ings, walls, floors, resivoirB etc. 
Types of reinforcement- The reinforcing 
steel in reinforced concrete construction must be 
of such form and size that it may be easily in­
corporated as a part of the structure and provide 
sufficient surface to bond thoroughly together 
the two materials. 
Plain round and square bars are often used, 
the necessary bond strength being furnished by 
the adhesion of the steel and concrete. Plain flat 
bars are not desirable, as the adhesion between 
them and concrete is less than for round or square 
bars. Deformed ^ars have been devised to furnish 
a bond between the concrete and steel independent 
of adhesion. This is accomplished by providing 
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projections as depressions or both on the surfaoe 
of the bar. Wire faliro and expanded metal in va­
rious forms are used to a considerable extent in 
slabs and other thin concrete sections. These 
types of reinforcements are easy to place, and 
since the metal is so well distributed in small 
sections, i t  is especially well adopted to resist 
the cracking likely to occur from changes in 
temperature and moisture conditions. 
Advantages of Goncrete and Steel-Combina­
tion-- Since concrete is only about one tenth as 
strong in tension as in compression i t  cannot be 
used economically by i tself for the construction 
of any member sustaining or likely to sustain 
flexural stresses. Its compressive strength is 
sufficiently high to be of structural importance, 
and i t  is a good fireproof material,  i t  is durable 
and materials for i ts manufacture can be obtained 
in almost any locality. Steel on the other hand, 
when not embedded in concrete cannot withstand 
successfully great heat,  and is subject to corro­
sion. Its tensile strength is high in almost any 
shape of section. To resist compression by i tself 
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it must be made in forma of less concentrated cross 
section than the bar to have laterial ridigity. 
When the two materials are so arranged in a 
structural member, subject to both tension and com-
pression, that the steel will resist the tension 
and the concrete the compression, the greatest ad­
vantage over other types of construction occurs. 
The member is more fireproof than one constructed 
of steel and timber alone, and is often more econo­
mical. The steel is used in its cheapest form, the 
bars, and is protected by its covering of concrete. 
B. Bond between Concrete and Steel. All rein­
forced concrete construction is based on the assump 
-tion that the two materials are thoroughly bonded 
together. Bond between concrete and steel maybe di-
vided into two principal elements, adhesive resist­
ance and sliding resistance. The source of adhesive 
resistance is not known, but its presence is a mat­
ter of universal experience with materials of the 
nature of mortar and concrete. Sliding resistance 
arises from uneq.ualities of the surfaces of the 
bar and unequalities of its section and alignment 
together with the corresponding confirmations in 
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the concrete. The adhesive resistance must be over 
come before the sliding resistance comes into action. 
Pull out test have shown that for concrete of the 
kind used (a 1;2:4 mix tested at the age of 60 days) 
the first measurable slip of the bar came at a bond 
stress of about 260 pounds per square inch, and the 
maximum bond resistance reached sun average value of 
440 pounds per square inch concluding that the ad­
hesive resistance was overcome at the first measure-
able slip, it can be seen that the adhesive resist­
ance was about sixty per cent, of the maximum bond 
resistance. 
Sliding resistance reached its maximum for 
plain bars of ordinary mill surface of a slip of a-
bout .01 inch. Distribution of load stresses along 
a bar-bond stresses as indicated by tests, is not 
uniformly distributed along a bar embeded any con­
siderable length and having the load applied at one 
end. Slip of the bar begins first at the point 
where the bar enters the concrete, and the bond 
stress must be greater here than elsewhere until a 
sufficient slip have occurred to develop the maxi­
mum bond resistance at this point. Slip of bar3 
begin last at the free end of bars. After slip be-
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comes general, there is an approximate equality of 
"bond stress through out the embeded length. 
C. Anouring of Reinforcement Bars- Tests with 
plain round bars anchored by means of nuts and with 
washers, only showed that the entire bar must slip 
an appreciable amount before these foums of anchora­
ge comes into action. Anchorage of the dimensions 
used in these tests did not become effective until 
the bar had slipped an amount corresponding to the 
maximum bond resistance of plain bars, with further 
movement the apparent bond resistance was high, but 
was accompined by excessive bearing stresses on the 
concrete• 
CHAPTER IV. 
General Properties of Concrete; A. Con­
struction and Expansion- Concrete expands as the 
temperature is raised, and contract as the tem­
perature is lowered. The coefficient of expansion 
per degree of temperature change increase somewhat 
with the richness of the mix, hut the range of val­
ues from .00000677 for a l:l£:3 concrete to.00000537 
for a 1:3:6 concrete, with an average for all  tests 
of .00000604. 
Concrete expand in volume if kept wet or im­
mersed in water, and contact if  exposed to air.  
This property is not confined to freshly placed coi-
crete, hut is characteristic of concretes of many 
years of service. A concrete which dries out in air 
may he expected to contract from .02 to .05 per cent, 
and when immersed in water may expand at least one-
half of this amount. This tendency to change in vol, 
ume with different moisture conditions and changes 
in temperature does of course, set up stresses of 
hoth tension and compression in a restrained rein-
forced concrete etruoture. The teneile etreeees cf-
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ten exceed the amount that the concrete can sus­
tain, and cracks result,  
B. Bond to Old Concrete- The adhesion of near 
concrete to work previously placed, Becomes an im­
portant consideration in certain classes of construct 
-ion. Very few tests of this property, however, have 
Been made. Tests made By Hector St.  George RoBinson 
indicate that a thorough cleaning of the old surface 
is Beneficial to Bond. When the old surface is rough, 
ed, cleaned, either treated with hydrocloric acid or 
coated with cement grant, a joint of aBout 80 per 
cent efficiency was obtained. Merely wetting the. sur­
face gave an efficiency of aBout 40 per cent, and 
wetting and roughing an efficiency greater than oO 
per cent. If the old concrete is not thoroughly wet­
ted, i t  will draw the moisture from the new concrete 
often leaving not enough in the latter for a normal 
consistency, and resulting in weak concrete near the 
joint as well as producing a joint of low efiiciency. 
C. Weight of Concrete- The weight of concrete 
va r i e s  w i th  t h e  p ro po r t i o ns  o f  t he  mix ,  t he  c o n s i s t ­
ency, and the character of the aggregate. The richer 
concretes are slightly heavier, and the wetter con-
sistencys are slightly l ifter,  except when cinders 
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are ussd as coarse aggregate. A stone or gravel con— 
crete wio.1 usually weight between 140 and. 150 pounds 
per cubic feet,  with an average of about 145 pounds 
per cubic feet.  In reinforced concrete the steel adds 
from 3 to 5 pounds per cubic feet,  and the weight of 
reinforced concrete is usually taken as 150 pounds 
per cubic feet.  The weight of cinder concrete maybe 
taken as 115 pounds per cubic feet.  
D. Resistance to Fire- Concrete is not only 
inconbistible, but also a poor conductor of heat,  
Hence i t  is a splendid fire resisting material.  Clay 
products and building sones are equally non-combusti­
ble, but they passes greater conductivity and a high-
er coeffieicnt of expansion. The low coefficient of 
expansion lessens the tendency to crack when heated, 
and the low conductivity prevents the transference of 
heat of the fire to the interior of the mass and to 
the reinforcing steel.  Tests of conductivity have 
shown that when the surface of a mass of concrete is 
exposed for hours to a high heat,  the temperature at 
a depth of one inch beneath the surface is consider­
ably lower, while at a depth of three inches or more 
the temperature rise is very slight. 
The low thermal conductivity of concrete is to 
a large extent due to voids in the material.  Neat ce-
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ment, with a void content about twice that of the 
average concrete, shows a corresponding decrease 
in its conductivity. It is also due to the absorb-
tion of the heat of vaporization by the water of 
combination in the hardened cement. The absorption 
of heat by the surface material as it becomes de­
hydrated retards the dehydration of the concrete 
beneath. The surface concrete which is injured by 
heat; but which remains in place, affords protect­
ion for the material farther in, as it is a poor­
er conductor than the original concrete. 
The experiences gained from some of the 
great fires has 3hown that concrete exposed to hi^i 
heat for a considerable length of time becomes cat 
cived to a depth of from i to 3/4 inch, but shows 
no tendency to spoil off except at exposed corners 
and edges. 
JS. Weathering Qualities- The principal waath-
ering agencies affecting the durability of concrete 
are variation in temperature, wind, rain and va*ia-
tion in moisture conditions. Changes in temperature 
and moisture conditions cause more or less expansion 
and contraction in conretes, which in turn are apt 
to cause cracking that may result in ultimate fail-
- a-
ure. Cracking due to variations in temperature is  
likely to be confined principally to the surface 
of a structure, and may be made less harmful by the 
use of steel reinforcement so placed that a multi­
tude of small cracks which are often not visible to 
the naked eye, replace few large and deep cracks. 
Expansion and contraction due to moisture changes 
are of t imes more serious, as moistrue may penetrate 
the concrete further and cause dangerous stresses 
to be introduced. The expansion and contraction of 
rich mixes are considerably more than those of lean 
mixes, when moisture and temperature conditions 
vary. This circumstance is often responsible for the 
cracking off of a rich surface coat floated or 
plastered on a leaner hase. The surface material 
not only tends to expand and contract more on accoimt 
of i ts  comparative richness,  but i t  protects the un­
derlying material from going through the extensive 
temperature and moisture changes which i t  itself is 
experiencing. To prevent the ultimate spoiling off 
of this surface layer,  as lean and as thin a surface 
coat as possible should be used, and where practible 
i t  should be applied before the leaner base has set 
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as to make the "bond, "between the two as strong as 
possible * 
P• Abrasive Resistance— The extensive use 
of concrete in the construction of roads, floors 
and pavements makes i ts resistance to wear or abra­
sion an important consideration. In general,  a con­
crete of high compressive strength will have a high 
resistance to abrasive action. Abrasion either 
wears away the cement and sand grains or i t  pulls 
the sand grains out of the cement matrix. It  follow 
therefore, that with soft aggregates more cement 
will  be needed in order to keep the wear low, while 
with hard and durable aggregates just enough cement 
is needed to hold the aggregate against the abrasive 
action. The quanity of mixing water used, however, 
the length of time of mixing, and the curing condi­
tions have more effect on the abrasive resistance 
than the hardness of the aggregate, and a good wear, 
ing surface can be produced with inferior aggregates 
if  other conditions are favorable. Provided the peo-
per precautions are taken, and a good quality of cai 
-crete produced, the actual wear on the surface of 
either a pavement or a floor will not be of any 
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serious amount, no matter how heavy the traffic. 
G. Porosity- The porosity of a concrete is 
important principally as a determining factor of 
other properties of concrete, such as fire resist­
ance, absorption et.  It  is the percentage of void 
space in terms of total volume. It  is dependent up­
on the consistency of the mix and the composition 
and grading of the aggregate. Wet consistencies pro­
duce less porous concretes unless concrete eventual-
]y becomes very dry, when the reverse is true. Well 
graded aggregates raahe a less porous concrete than 
others and up to certain limits the greater the pro­
portion of coarse aggregate the less the porosity• 
H. Absorption- The absorptive property of a 
concrete is determined by the amount of water i t  
will absorb when exposed to damp conditions or when 
immersed in water. This property is of importance in 
connection with mortar or stucco used over metal 
lath, which must be protected to prevent corrosion. 
In this case a mortor showing the least absorption 
will be the most durable in the average. The averaje 
concretes will absorb fro® S to 14 per out of water 
meaeured by volume, while some will  absorb more. Tte 
amount of absorption increases with the wetter con-
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sistencies and. dry curing conditions, and decreases 
as the proportion of cement is increased. 
I .  Permeability- The permeability of con­
crete is measured by the rate at which water under 
a given pressure will pass through a given thick­
ness of the material.  It  is an important considera­
tion where water tightness of floors or wall is re­
quired and where the percolation of water may cause 
serious damage. Permeability decreases with age and 
the richness of the mix, and generally with the cor*-
t inuation of the flow. Wetter consistencies seem to 
make less permeable concrete, particularly vhen the 
face of the concrete in contact with the water is 
constantly damp. A well graded sand, with some very 
fine particles, tends to make percolation of water 
more difficult.  Ideal curing conditions are also 
beneficial in decreasing the permeability. 
A. Strength of Concrete- A. Compressive 
strength. The ultimate strength of a concrete norma! 
-ly increases with age. This increase proceeds very 
rapidly for the first few days after the concrete is 
placed, hut becomes more gradual as time goes on. 
though continuing at a more reduced rate for an in-
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definite period. The compressive strength of con­
crete at the age of 28 days is generally used as a 
measure of the first quality of the concrete. This 
assumes proper mixing and placing and curing con­
ditions. The compressive strength of concrete is 
based on tests of 6 inches by 12 inches or 8 inches 
by 16 inches cylinders made in accordance with the 
standard methods of making and storing specimens 
of concrete in the field, of American Society for 
Testing Materials.  
The ultimate compressive strength expressed 
in pounds per square inch is used as a basis for 
determining the unit stresses to be used in design 
for i t  has been found that all  of the other struct­
ural properties of a concrete are proportional to 
the compressive strength. 
B. Tensile Strength- The tensil strength of 
a concrete ia of l i t t le importance, -because i t  is 
so low in comparison with the compressive strength, 
that i t  is usually neglected altogether in the de­
sign of reinforced concrete structures. It  may be 
roughly estimated as having a value o. aoout 
of the compressive strength. 
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C. Traverse Strength- The traverse or fle»« 
ural strength of concrete is low as compared with 
its compressive strength, hut much greater than the 
strength in pure tension. The traverse strength is 
measured by the stress developed in beam action. 
In a reinforced concrete member this strength is 
usually disregarded, and steel reinforcements is 
placed in the member to develop flexual stresses 
on the tension side. lead tests or reinforced con­
crete structures have shown that at the age ox «^8 
days, the traverse strength varies from 26 per 
cent of the compressive strength for a 1000 pound 
per square inch. Concrete to 16 per cent xor a 
4000 pound per square inch concrete. 
D. Shearing Strength- The shearing strength 
of concrete is important in that failure by shear 
on a diagnal plane often occur in short compression 
specimens. The direct shear must not be confused 
with the combination of shear and diagnol tension 
that occurs in the web of a beam. The resistance of 
concrete to direct shear is difficult determine, 
as it is almost impossible to eliminate the 
of beaming, diagnol tension and other stresses, so 
that the different series of tests show q 
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variation from each other. For most concrete the 
shearing strength is at least 60 per cent of the 
compressive strength, and ?/ill need to be consider­
ed in design only in exceptional cases. 
CHAPTER V. 
Estimating Quanities of Materials For Con­
crete.- If the volume of the particles of cement 
and aggregates and volume of mixing water used aie 
known, the amount of concrete produced from these 
quanities of materials may "be estimated. Since ccn 
-crete le a mixture of cement, water and aggregate 
In the mixtures in which the slump is "between i  
and 2 inches there may be a small percentage of 
air voids. These should not exceed more than 3 pea? 
-cent of the volume of the concrete. All the voids 
are usually filled with water. If the air voids 
are neglected, the error will be on the safe side 
because the quanities of material per cubic yard 
of concrete will be slightly greater than if a 
small allowance is made for the air voids. In or­
der to estimate the quanity of concrete produced 
from given amounts of material i t  is necessary to 
know the proportion of the bulk volume of a materi 
-al which is solid. The solid volume is equal to 
the bulk volume minus the volume of voids. The peer 
-centage of voids maybe measured directly or com-
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puted when the weight per cubic foot and specific 
gravity are known» The formula for percentage of 
voids is; 
Percentage of voids- So. Or. X 6 2 . 5 5 5 - W t .  
Sp. Gr. X 62.355 
Cu. Ft. X 100 
Specific gravity for various kinds of stones may 
be readily obtained from any physic or handbook. 
A. Cement- The proportion of solids per 
sack of ciement is fairly constant, since the amount 
of cement in each sack is weighed and the specific 
gravity of cement does not vary to any extent. A 
sack of cement weighting 94 pounds net is general­
ly considered to be one cubic feet. Some engineers 
however, consider 96 pounds as only 0*95 cubic 
feet proportions based on this assumption will re-
quire more cement per cubic yard than \vixl the 
same proportion of the former. 
Specific gravity varies from about 3.10 to 
3.16 .The value 3.12 is frequently taken and is 
used in these compositions. Substuting 94 pounds 
and 3:12 in the formula, the percentage i"1"-
found to be 62. The percentage of solids 
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well graded coarse sand will weigh about 115 
pounds per oubic feet, and will contain about 50 
to 31 per cent voids* Coarse aggregates vary more 
than sands. The range of specific gravaties is 
from 2.50 to 2.90 and the weights per cubic feet 
from 90 to 120 pounds. 
C O N C L U S I O N  
This thesis would not "be complete without 
some word regarding the responsibil i ty for good 
concrete construction.  Too often individuals in 
ult imate authority have the desire for concrete 
of the proper quali ty,  but fal l  short  of at tain­
ing i t  through failure to delegate proper author* 
- ty.  I t  is  not uncommon to find persons in charge 
of jobs ignoring recommendations of engineers 
wherein their  opinion, they impede the progress 
of the work and increase the cost .  If  under such 
conditions,  quali ty is  subordinated to f irst  cost  
durable structures cannot be expected.  
There must be a  recognition by those who 
at tempt to make concrete that  uniform concrete 
of good quali ty requires intellegent effort  and 
fai thfullness to details  al l  along the Una ,  
per materials,  proper design,  proper mixing an 
t ransporting and special  care in placing and 
curing.  -
I t  must not be assumed that  because i t  r^ 
+ effort  to produce uniformly 
quires well  directed e 
^  ^ct is  necessari ly increased. 
good concrete the cos 
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If concrete is properly made the maintenance and 
repair charges will "be greatly decreased. 
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